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(54) Taxoid derivative and method of producing thereof 

(57) A taxoid derivative wherein sugar is combined 
with any one of paclitaxel, docetaxel and 10-deacetyl- 
bacatin III via a spacer A method of producing the tax- 
oid derivative comprises protecting hydroxyl groups at 
specific position of paclitaxel or docetaxel by protective 
compound followed by reacting with tetrabenzyl acety- 
loxyglucoside. and then carrying out debenzyl and detri- 
ethytsilyl reactions. A method of producing the taxoid 
derivative comprises reacting paclitaxel or docetaxel 
with tetrabenzyl acetyloxyglucoside. and then can-ylng 
out debenzyl reaction. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a taxoid derivative and a method of producing it and, In detail, a taxoid derivative 
of which physiological activity and solubility in water were improved by combining a sugar with any one of paclitaxel. 
docetaxel and 10-deacetyl-baccatln III via a spacer, and a method of producing the said derivative. 

BACKGROUND OF THE INVENTION 

10 

Paclitaxel (trade name, Taxol)is a diterpene compound [IVI. C. Wani et al. : J. Am. Chem. Soc., 93, 2325 (1971 )] Iso- 
lated from the bark of Taxus brevifblia growing in North America and known as a powerful anticancer drug having an 
improved effect on uncurable cancer by a hitherto known chemical therapy. The mechanism of controling cancer with 
paclitaxel is unique and, while other anticancer drugs control formation of the microtubule which the main component 
IS of the spindle, that is a mitosis device, paclitaxel causes excess formation of microtubules and thereby, controls mitosis. 
Although paclitaxel Is a powerful anticancer drug, its solubility in water is low, and its utility as a medical drug is lim- 
ited. Because of this, use of a solubilizing agent and studies and developments, etc. to enhance Its solubility by prepar- 
ing derivatives are being actively carried out. However, no sufficient measures to solve this matter have yet been found. 
For example, paditaxel is at present administered to a patient using a solubilizing agent "Cremophore", and 1 liter of 
20 the solution is administered over 6 hours e^ery two weeks, a four-run of which is carried out, thus being a heavy burden 
on patients [Eric K. Rowinsky et al.. CANCER RESEARCH 49, 4640 (1989)]. Moreover, side effects of the solubilizing 
agent have become a problem. 

Further, although docetaxel (trade name: Taxotere) was developed as a paclitaxel derivative having improved sol- 
ubility, the solubility of docetaxel in water is only 1 .3 times that of paclitaxel [I. Ringer et al.. J. Natl. Cancer Inst., 83, 288 
25 (1991)]. therefore it is not much Improved. 

To improve the solubility of pacirtaxel. Introduction of various functional groups into a skie chain and the taxane ring 
was carried out and some compounds showed an improvement in solubility. However, the compound showing an 
increased physiological activity has not yet been reported. 

There is no report concerning a sugar derivative of paclitaxel and only one report describing a compound compris- 
30 ing a xylose moiety by way of an ether linkage exists in Nature [H. Lataste et al., Proc. Natl. Acad. Sci. USA. 81 , 4090 
(1984)]. 

For chemical glucosylation there are many methods, for example, as described in Chapter 3 in Series of Experi- 
mental Chemistry. 4th Edition, Volume 26, (Organic Synthesis VIII). edited by The Chemical Society of Japan. In all 
cases, the use of a heavy metal salt or strong Lewis acki is necessary. However, since paclitaxel and docetaxel have 
35 an oxetane skeleton which Is acid unstable and a fundamental skeleton having large steric hinderance, hitherto-known 
chemical glycosytation reactions do not proceed effectively. On the other hand, enzymatic glycosylation does not pro- 
duce the aimed compounds because of the very low solubility in water of paclitaxel and docetaxel. 

Further, 1 0-deacetyl-baccatin 111 extracted from the bark of Taxus brevifolla growing in North America, which is sim- 
ilar to paclitaxel, is a precursor of docetaxel. It is expected that a hydrophilic taxokJ derivative may be prepared using 
40 this substance. 

It is an object of the present Invention to develop a sugar derivative of paclitaxel etc. showing an increase in both 
solubility and physiological activity and thereby, to reduce the load to patients and to produce an effective cancer treat- 
ment drug. 

The present inventors have found that a paclitaxel derivative, in which sugar is combined with paclitaxel by an ether 
45 linkage via a spacer, shows increased solubility In water and physiological activity. 

Also, as to the aforementioned docetaxel and lO^eacetyl-baccatin III. a method to obtain taxoid derivatives in 
which sugar is similarly combined by an ether linkage was established. 

The present Invention relates to taxoid derivatives wherein sugar is combined with any one of pacirtaxel. docetaxel 
and 10-deacetylbaccatin III via a spacer and to a method for producing the sakJ derivatives. 

so 

DETAILED DESCRIPTION QF THE PREFERRED EMBODIMENTS 

Hereinafter, practical examples of taxoid derivatives of the present Invention are shown below. 
Glucosyloxyacetyl-7-paclrtaxel represented by the following formula (hereinafter, abbreviated to 7-S-paclitaxel). 
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Digtucosyloxyacetyl-2\7-pacIitaxel represented by the following formula (hereinafter, abbreviated to 2\7-S-paclit- 
axeO, 




Gucosyloxyacetyl-IO-paclitaxel represented by the Ibllowing fonnula (hereinafter, abbreviated to 10-S-paclitaxel), 
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N-(gIucosyloxyacetyO-N-debenzoylpaclitaxel represented by the following formula (hereinafter, abbreviated to 3 >S- 
paclitaxel). 




N-(glucosyloxyacetyl)-N<lebutaxycarbonyldocetaxel represented by the following formula (hereinafter, abbreviated 
as 3'-S-docetaxel). 




Glucosyloxyacetyl-2*-docetaxel represented by the following formula (hereinafter, abbreviated as 2*-S-docetaxel), 
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0 




Diglucosyloxyacetyl-2\7-docetaxel represented by the following formula (hereinafter, abbreviated as 2'.7-S- 
docetaxel), 




Triglucosyloxyacetyl-2',7,10<locetaxel represented by the following formula (hereinafter, abbreviated as 2\7,10-S- 
docetaxel), 
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Glucosytoxyacetyl-7-doceiaxel represented by the following formula (hereinafter, abbreviated as 7-S<Jocetaxel), 




Diglucosyloxyacetyl-7,10-docetaxel represented by the following formula (hereinafter, abbreviated as 7.10-S- 
docetaxel), 




Glucosyloxyacetyl-10-docetaxel represented by the following formula (hereinafter, abbreviated as 10-S-docetaxet). 
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Glucosyloxyacetyl-10-baccatin 111 represented by the following formula (hereinafter, abbreviated as 10-S-baccatin 

III). 




Hereinafter, the present invention is illustrated in detail. As described above, a taxoid derivative of this invention is 
made by combining sugar with any one of paclitaxel, docetaxel and 10-deacetylbaccatin III via a spacer. 

Paclltaxel is obtained by isolating it from the bark of Taxus brevifolia growing in North America according to a 
40 method described in Kingston. D. G. I. : Pharmacol TTier. 52. 1 (1992) and. in addition, paditaxel synthesized by chem- 
ical synthesis can also used (R. A. Hotton: Europian Patent-A 400971 . 1990). Also, docetaxel is derived from paditaxel 
according to a method described in Greene. A. E. et al.: J. Org. Chem. 59, 1238 (1994). 10-Deacetyl-baccatin III is a 
natural product extracted from Taxus brevifolia growing in North America as aforementioned. 

A reaction combining sugar with any one of paditaxel. docetaxel and 1 0-deacetyl-baccatin III via a spacer is carried 
45 out by using tetrabenzyl acetyloxyglucoside. This tetrabenzyl acetyloxyglucoside, an ester compound, is prepared by 
combining a gtycolate such as ethyl glycolate etc.. that is a spacer, with tetrabenzylgluoose obtained by using glucose 
as a starting substance according to an usual procedure, followed by deethylation of the ester yielding the tetrabenzyl 
acetyloxyglucoside as a carboxytic acid compound which is represented by the following fornfula. 
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Next, one example of methods tor producing tetrabenzyl acetylcxyglucoside is shown bekw. 




BnO OH BnO 0 

(1) (2) 



IS 




BnO 0 
(3) 

20 

An ethyl ester (compound (2). molecular weight 626.76) is obtained by the method that tetrabenzylglucose (1) 
obtained according to an usual procedure is treated with ethyl glycolate and p-toluenesutfonic acid in benzene at 0- 
1 50'*C, preferably 1 1 0^'G, for 0.5-50 hours, preferably 8 hours, so that the 1 position of tetrabenzylglucose (1 ) reacts with 

25 ethyl glycolate. Then, after treating the ethyl ester (2) in an alkali (for exanple, 6N-NaOH) in a methanol-dioxane solu- 
tion at from room temparature to 100 "^C for 0.5-50 hours, preferably 3 hours, this reaction mixture is made to acidic by 
hydrochloric acid (for example, 1 N-HCI) to cause a deethylation reaction, whereby a cartx)xylic add compound is 
obtained which is tetrabenzyl acetylcxyglucoside (3). Further, in the case of using another sugar instead of glucose, the 
con'esponding sugar-modif icated compounds whose sugar is different can be obtained according to a similar reaction. 

30 Examples of sugars which may be used are mannose, allose. altose, gulose. idose. galactose, talose. ribose, arab- 
inose, xylose, lyxose. psicose. fructose, sorbose, tagatose. fucose, maltose and so forth in addition to glucose. 

In this Invention, although a glycolate such as ethyl glycolate is used as a spacer of a sugar donor, by changing the 
alkyi chain length of this substance, the length of the spacer can be easily adjusted. For example, it is possible to use 
3-hydroxybutyric acid and so forth as a spacer. 

35 A taxold derivative of this invention can be produced by allowing any one of the aforementioned paclitaxel. 
docetaxel and 10-deacetylbaccatin III to react with tetrabenzyl acetyloxyglucoside. As practical examples of methods 
for producing taxoid derivatives, there are methods shown in the below-described reaction processes (I) and (II). 
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Reaction Process (I) 
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Reaction Process (ID 
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The method shown in the reaction process (I) is such that debenzylation is carried out after allowing paclltaxel (4) 
to react with tetrabenzyl acetyloxygluooside (3) and. according to this method, 2'-S-paditaxel (7) and 2\7-S-paclitaxel 
(8) are obtained. 
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That i8. paditaxel (4) and tetrabenzyl acetyloxyglucoside (3) are allowed to react with a base such as 4-dlmethyl- 
aminopyridine (DMAP) etc., a condensing reagent such as dicyclohexylcarbodiimide (DCC) etc. and a solvent such as 
methylene chloride etc. under an argon atmosphere at room temperature lor 0.5-100 hours, preferably 16.5 hours, 
whereby the glucoside (5) of (6) is obtained. 

Next, in order to carry out the debenzylation the compound (5) or (6) is allowed to react with a catalyst such as pal- 
ladium black etc. and an add such as acetic acid etc. under a hydrogen atmosphere at room temperature with vigorous 
stirring for 0.5-50 hours, preferably 5 hours, whereby 2'-S-paclita}ffil (7) and 2',7-S-paditaxel (8) are obtained. 

Further, in the case of using docetaxel (9) instead of paditaxel, according to the reaction process (II), 2'-S- 
docetaxel (13), 2',7-S-docetaxel (14) and 2'. 7,10-S-docetaxel (15) represented by the above formulae can be obtained 
via the glucoside (10), (1 1) or (12). 

Also, the method (III) shown by the below-desaibed reaction process is such that, after protecting the 2'-posjtion 
of paditaxel by using a chlorotriethytsilyl group, a reaction with tetrabenzyl acetyloxyglucoside followed by debenzyla- 
tiwi and detriethylsilylation are carried out to produce a paditaxel derivative. 



15 



Reaction Process (III) 



20 



25 



0 

Ph-^ilH 0 

HO ^-j—^fl J 
HO 

(4) 




AcO^ 0 OH 

Ph^V^O-'-^^yfiCX 
TESO '^-pVO^^O 
HO BzO 

(I 6) 



30 



35 



0 

Ph-^iiH Q 

Ph^V^O...< 
TESO ^-j-^flr 

HO Bz^ 
(I 6) 




8nO^ 

BnO-^-7--^0^0« 
BnO 0 

(3) 



40 




At first, paditaxel (4) and a protecting reagent such as chlorotriethylsilane (TESCI) etc., a base such as imidazole 
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etc. arxl a solvent such as dimethytformamide (DMF) etc. are allowed to react under an argon atmosphere at room tem- 
perature for 0.5-100 hours, preferably 19. 5 hours, whereby the 2' position of paclitaxel Is protected by triethylsilane and 
the compound (16) is obtained. 

Next, this obtained compound arxj tetrabenzyt acetyloxyglucoside (3). a base such as DMAP etc.. a condensing 
5 reagent such as DCC etc. and a solvent such as methylene chloride etc. are allowed to react under an argon atmos- 
phere at room temperature for 0.5-100 hours, preferably 5 hours, whereby the glycoside (1 7) is obtained. 

Next, the glycoside (1 7) and a catalyst such as palladium black etc. and an acid such as acetic acid etc. are allowed 
to react under a hydrogen atmosphere at room temperature with vigorous stirring for 0.5-50 hours, prefraWy 5 hours, 
and to this reaction mixture a solvent such as tetrahydrofuran (THF) etc. and water are added to carry out a reaction at 
10 room temperature for 0.5-50 hours, prefrably 15 hours, whereby the aimed compound (18) Is obtained which is 7-S- 
paclitaxel represented by the above formula. 

Further, by using docetaxel (9) Instead of paclitaxel. 7-S-docetaxel (19). 7.10-S-docetaxel (20) and 10-S-docetaxel 
(21) represented by the below-described formulae can be obtained. 
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Also, by using lO-deacetylpaditaxel (22) instead of paclitaxei. 10-S-paclitaxel (23) represented by the below* 
described formula can be obtained. By using N-debenzoylpaclltaxel (24) instead of paclitaxei, 3'-S-paclitaxel (25) rep- 
resented by the below-described formula can be obtained. Similar to the above, 3 -S-docetaxel (38) can be obtained. 
Further, by using lO^eacetyl-baccatin 111 (26) Instead of paclitaxei, 10-S-baccatin 111 (27) represented by the below- 
desaibed formula can be obtained. 
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using a carrier having silica gel such as ODS etc. and thus, a purified sample is obtained which can be used as a med- 
icine. 

These taxoid derivatives all show Increased solubility in water and, while the solubility of paditaxel is 0.4 MQ/ml. that 
of 7-S-pacrrtaxel is 14.7 ^ig/ml (36.8 times), 2'-S-paclitaxel 30.6 jig/ml (76.5 times) and 2\7-S-paclitaxel 48.4 ^igAril (121 
5 times). These paditaxel derivatives also show increased solubility in alcohol. 

Also, when the relative physiological activity of these paditaxel derivatives is evaluated, taking the activity of inhib- 
iting the depolymerization of the microtutxjie as 100. 7-S-paclltaxel is 225. 2'-S-paclitaxel 100 and 2',7-S-paditaxel 
77.7. Therefore, physiological activity of each paditaxel derivative is sufficiently maintained and it is possible to use tax- 
oid derivatives of this invention as an anticancer drugs. When galactose or mannose is used as the sugar because they 
70 have affinity with hepatocytes, derivatives effective for the medical treatment of liver cancer are obtained. 

The present Invention provides a taxoid derivative which shows a high solubility in water and improved physiologi- 
cal activity and a method for producing it. It is expected that the taxoid derivative reduces the burden patients and may 
be used as an effective drug for the treatment of cancer. 

IS gXAMPI^ 

The present invention will be illustrated in more detail by means of the following examples. 
Production Example 1 

20 

A mixture of 1 .62 g of tetrabenzylglucose (1) obtained by the conventional method, 1.56 g of ethyl glycdate. 0. 10 
g of p-toluenesulfonic acid and 80 ml of benzene was allowed to react under reflux at 1 10®C for 8 hours, whereby the 
compound (2) (C38H42O8. molecular weight 626.74) was obtained. 

Next. 1 .88 g of this compound was allowed to react with 1 0 ml of 6N-NaOH, 1 0 ml of methanol and 1 5 ml of dioxane 
25 at from room temperature to 100**C for 3 hours. This mixture was transferred into 80 ml of 1 N-HCI to carry out deethyl- 
ation. whereby the compound (3) that is a cartx)xylic add compound (CseHsaOs, molecular weight 598.69) was 
obtained. 

The compound (3) was dissolved into deuteriumchlorofbrm and analyzed by ^H-NMR, and each peak was 
assigned to determine its structure and thus, structure of the compound was confirmed as the above-described. 

30 

Example 1 

A mixture of 256 mg of paditaxel (4) (C47H51NO14, molecular weight 853.92). 539 mg of tetrabenzyl acetyloxyglu- 
coside (3) obtained from Production Example 1. 1 10 mg of 4-dimethylaminopyridine (DMAP), 186 mg of dicyclohexyl- 
35 cartxxjiimide (DCC) and 8 ml of methylene chloride was allowed to react under an argon atmosphere at room 
temperature for 16.5 hours, whereby a compound having a glucoside at the 2' position (5) (C83H87NO21. molecular 
weight 1434.59) and a compound having a glucoside at the 2*. 7 positions (6) (C119H123NO28. molecular weight 
2015.27) were obtained. 

Debenzylation of 187 mg of the compound (5) was carried out by reacting with 50 mg of palladium k)lack and 3 ml 
40 of acetic acid under a hydrogen atmosphere at room temperature with vigorous stinring for 5 hours, whereby 101 mg of 
2 -S-paclitaxet (7) (C55H63NO21 . molecular weight 1074.10) were obtained. The yieM was 73 %. Also, debenzylation of 
983 mg of the compound (6) was carried out by reading with 200 mg of palladium black and 3 ml of acetic add under 
a hydrogen atmosphere at room temperature with vigorous stirring for 5 hours, whereby 259 mg of 2',7-S-paclitaxel (8) 
(C63H75NO28. molecular weight 1294.28) were obtained. The yield was 41 %. 
45 Next using a column (0 20mm. volume 40 ml) filled by silica gel (trade nameiKieselghur. made by Merck Co.. Ltd.) 
and chloroform as a mobile phase. 2 -S-paclitaxel and 2*.7-Si}aditaxel were separately purified. 

Example 2 

50 A mixture of 427 mg of paditaxel (4). 0.1 mg of chlorotriethylsilane (TESCI). 102 mg of imidazole and 5 ml of DMF 
was allowed to react under an argon atmosphere at room temperature for 19.5 hours, whereby a compound protected 
by a triethylsilyl group at the 2* position of paditaxel (16) (C53H65NOi4Si. molecular weight 968.18) was obtained. A 
mixture of 392 mg of this compound (1 6), 479 mg of tetrabenzyl acetyloxyglucoside (3), 98 mg of DMAP. 165 mg of DCC 
and 8 ml of methylene chloride was allowed to react under an argon atmosphere at room temperature for 5 hours. 

55 whereby the glucoside (17) (CsgHioi NO21 Si. molecular weight 1548.86) was obtained. 

Next. 513 mg of the otitained conpound (17) with 100 mg of palladium black and 3 ml of acetic acid were allowed 
to react under a hydrogen atmosphere at room temperature with vigorous stirring for 5 hours and further. 1 ml of tet- 
rahydrofuran (THF) and 1 ml of water were added to the reaction mixture, which was then allowed to react at room tem- 
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perature for 15 hours to obtain 350 mg of 7-S-paclitaxel (18) (C55 H63NO21. molecular weight 1074.10). 

Next, using a column (0 20mm x 250mm) filled by silica gel (trade name: ODS. made by YMC Co., Ltd.) and meth- 
anol as a mobile phase, each anomer of 7-S-paclitaxel was purified. 

7-S-paclitaxel was dissolved into deuteriumchloroform and analysed by ^H-NMR and the structure was determined 
5 by assigning respective peaks. Results are shown below. 

^H-NMR of 7-S-paclitaxel (a-anomer) (500 MHz, CDQa) 1.12 (s. 3H. CH3), 1.18 (s. 3H, CH3), 1,77 (s, 3H. CH3). 

1.83 (s. 3H, CH3). 2.15(s. 3H. CH3). 2.35 (s, 3H. CH3). 1.6-2.55 (m, 5H). 3.4-3.9 (m. 7H). 4.0-4.4 (m. 4H), 4.75-5.1 
(m, 3H), 5.5-5.8 (m, 3H), 6.05-6.2 (m, 1H), 7.2-7.6 (m, 11H. Ar. NH). 7.6-7.7 (m. 1H. Ar). 7.7-7.9 (m, 2H. Ar). 8.1- 

10 8.2 (m, 2H. Ar) 

^H-NMR of 7-S-paclitaxel (p-anomer) (500 MHz. CDCI3) 1.14(s.3H. I7-CH3). 1,20 (s. 3H, CH3).1.81 (s,3H, CH3), 

1.84 (s. 3H. CH3). 2.17 (s. 3H. CH3CO), 2.38 (s, 3H, CH3CO). 2.25-2.35 (m, 2H). 2.5-2.7 (m. 2H). 3.3-3.9 (m. 5H). 
4.1-4.5 (m, 4H), 4.85 (br, 1H, H2'), 4.95 (brd, J = 9.1, 1H, H5). 5.5-5.8 (m. 3H), 6.1-6.2 (m, 2H), 7.3-7.6 (m, 11H, 
Ar. NH), 7.6-7.7 (m. 1H. Ar), 7.7-7.8 (m, 2H, Ar). 8.1-8.2 (m, 2H, Ar) 

15 

Example 3 

Ten milligram of paclitaxel, 7-S-paclitaxel. 2'-S-paclitaxel and 2\ 7-S-paclitaxel was separately weighted and 5 ml 
of water were added to each compound, which was stirred for 18 hours. After stining, the supernatant was filtered by a 
20 membrane filter (0.45 pm) and a filtate was analyzed by HPLC. As a result, solubility in water of each compound was 
as shown In Table 1 . Further, analysis conditions were as described below. 

Colum: Taxil 5^ (4.6 x 250mm). made by MetaChem 
Solvent: MeOH/HgO (80/20) 
25 Row rate: 0.5 ml/min 

Detector: photodiode detector (230 nm) 
Injected amount: 20 ^1 



Table 1 



Sample 


Solubility (^g/ml) 


Paclitaxel 


0,4 


7-S-paclrtaxel 


14,7 


2-S-pacrrtaxel 


30.6 


2\7-S-paclitaxel 


48.4 



40 As clearly shown in the Table compared with paclitaxel. the solubility of paclitaxel derivatives show strikingly high 
values. However, it was recognized that 2*-S-paclitaxel and 2',7-S-paclitaxel are decomposed to paclitaxel in aqueous 
solutions and are unstable in aqueous solutions. 

Example 4 

45 

Paclitaxel. 7-S-paclitaxel. 2 -S-paclitaxel and 2\7-S-paclitaxel were separately dissolved into dimethylsulfoxide 
(DMSO). and an inclusion complex (made by Ensuiko Sugar Refining Co., Ltd.) of dimethyl-p-cyclodextrin (DM-p-CD, 
made by Ensuiko Sugar Refining Co., Ltd.) with paclitaxel was dissolved in water so that the concentrations of these 
compounds in the reaction solutions were adjusted at 5 ^M. 

so Next, each of the above-described samples is mixed with tubulin (a main constituting protein of the microtubule) 
and allowed to react at 37^C for 15 minutes. Absort)ance at 350 nm of the reaction solution was measured at 2. 5. 10 
and 1 5 minutes after initiation of the reaction. Also, after the reaction ended, calcium chloride was added and, 5 minutes 
after its addition, absorbance at 350 nm was again measured. From each measured value the relative activity of each 
sanple was determined such that polymerization-promoting activity and depolymerization -inhibiting activity were taken 

55 as 100. and the results are shown in Table 2. 

As clearly shown in the Table, the depolymerization-lnhibiting activity of 7-S-paclitaxel Is more than twice as potent 
as that of paclitaxel and it was confirmed that 7-S-paclltaxel is a very effective anticancer drug. Alsa H was recognized 
that the polymerization-promoting activity is enhanced by making a complex which includes paclitaxel in DM- p-CD. 
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Table 2 



Sample 


Polymerization-promot- 
ing activity 


Depotymerization-lnhibit' 
ing activity 


Paclitaxel 


100 


100 


7-S-paclitaxei 


91.9 


225 


2'-S-paclitaxel 


52.7 


100 


2'.7-S-paclitaxel 


40.5 


77.7 


DM-p-CD-paclitaxel 


123 


62.7 



IS Example 5 

Similar to Example 1, a mixture of 260 mg of docetaxel, 540 mg of tetrabenzyl acetyloxyglucoside obtained from 
Production Example 1 . 1 1 0 mg of DM AP, 1 90 mg of DCC and 8 ml of methylene chloride was allowed to react under an 
argon atmosphere at room temperature for 16.5 hours, whereby the compound (10) having a glucoslde at the 2* posi- 
tion, compound (11) having a glucoslde at the 2\7 positions and compound (12) having a glucoside at the 2*,7,10 posi- 
tions were obtained. 

Next, similar to Example 1 , each glucoside underwent debenzylation to obtain 2'-S-docetaxel (1 3). 2\7-S-docetaxel 
(14) and 2*,7,10-S-docetaxel (15). respectively. These compounds are produced by the aforementioned reaction proc- 
ess (II). 

Example 6 

Using docetaxel (9) instead of paclitaxel. in a similar manner to the above Example 2. the compound (28) in which 
the 2* position of docetaxel was protected by a triethylsilyl group (TBS) was obtained and then, the compounds (29) and 
30 (30) were obtained by reacting the compound (28) with tetrabenzyl acetyloxyglucoside (3) obtained from Production 
Example 1. Then, benzyl groups and TES were removed from the compounds (29) and (30). whereby 7-S-docetaxel 
(19) and 7,10-S-doc6taxel (20) were obtained. These are produced by the reaction process (IV). 
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Reaction Process (IV) 
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Example 7 

Using dacetaxel (9) instead o1 paclitaxel. in a similar manner to the above Example 2. the compound (31) in which 
the 2'.7 positions of docetaxel were protected by TES was obtained and then, the compound (32) was obtained by 
reacting the compound (31 ) with tetrabenzyl acetyloxyglucoside (3) obtained from Production Example 1 . Then, benzyl 
groups and TES were removed from the compound (32), whereby lO-S-docetaxel (21) (C51H65NO21. molecular weight 
1 028.07)was obtained. This compound is produced by the reaction process (V). 

Reaction Process (V) 
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Example 8 

Using lO-deacetytpaditaxel (C45H49NO13; molecular weight 81 1 .88) (22) instead of paditaxel. in a similar manner 
to the above Example 2, the compound (33) in which the 2\7 positions of lO-deacetylpaditaxel were protected by TES 
5 was obtained and then, the compound (34) was obtained by reacting the compound (33) with tetrabenzyl acetyloxyglu- 
coslde (3) obtained from Production Example 1 . Then, benzyl groups and TES were removed, whereby 10-S-paclitaxel 
(C53H61NO20. molecular weight 1032.06) (23) was obtained. This compound Is produced by the reaction process (VI). 



Reaction Process (VO 
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Example 9 

Using N-debenzoytpaclitaxet (C40H47NO13; molecular weight 749.81) (24) instead of paditaxel. in a similar manner 
to the above Example 2, the compound (35) was obtained by reacting the compound with tetrabenzyl acetyloxygluco- 
5 side (3) obtained from Production Example 1. Then, benzyl group)s were removed to obtain S'-S-paditaxel 
(C48H59NO20, molecular weight 969.99) (25). This compound is produced by the reaction process (Vil). 

Also, using N-debutoxycarbonyldocetaxel as a starting material, in a similar manner to the above-described, it is 
possible to produce N-(glucosyloxyacetyf)-N-debutoxycarbonyldocetaxel which is a docetaxel type giucoside of 3*-S- 
paditaxel. 
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Reaction Process CVll) 






(2 5) 



Example 10 

Using 10-deacetyl-baccatin III (C29H36 O^o* niolecular weight 544.60) (26) instead of paclitaxel, in a similar manner 
to the above Example 2, the compound (36) in which the 7 position of 10-deacetylbaccatin 111 was protected by TES 
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was obtained and then, the compound (37) was obtained by reacting the conrpound (36) with tetrabenzyl acetyloxyglu- 
coside (3) obtained from Production Example 1 . Then, benzyl groups and TES were removed to obtain 10-S-baccatin 
111 (C37H48 O17; molecular weight 764.78) (27). This compound is produced by the reaction process (VIII) and is effec- 
tive as an intermediate compound to synthesize a hydrophilic taxokJ. 

Reaction Process (VI 1 1) 




( 2 6 ) ( 3 6 ) 
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Claims 

1 . A taxoid derivative wherein sugar is combined witli any one of paclitaxel, docetaxel and 1 0-deacetyl-k)aocatin III via 
a spacer. 

2. The taxoid derivative according to Claim 1 , wherein the sugar is a sugar selected from the group consisting of glu- 
cose, mannose. allose. altrose. gulose, idose, galactose, talose, ribose. arablnose. xylose, lyxose. psicose, fruc- 
tose, soribose. tagatose. fuoose and maltose. 

3. The taxoid derivative according to Claim 1 . wherein the spacer is glycolate. 

4. Glucosyloxyacetyl-7-paclitaxel represented by the following formula. 




5. Glucosyloxyacetyl-2'-paclitaxel represented by the following formula. 




6. Diglucosyloxyacetyl-2'.7-pacli1axel represented by the following formula. 



24 



EP0 882 732A1 




Giucosyloxyacetyt-10'paclitaxel represented by the following formula. 




N-(glucosylcocyaGetyl)-N-Glebenzoylpaclitaxel represented by the following formula. 




N-(gluoosyloxyacetyl)-N-debutOKycaitx)nyldocetaxel represented by the following formula. 
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10. Glucosyloxyacetyl-2'-docetaxel represented by the following formula. 



0 




1 1 . Dlgluco8ytQxyacetyl-2'.7<locetaxel represented by the following formula. 




12. Triglucosyloxyacetyt*2'. 7.10-docetaxel represented by the following formula. 
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15. Glucosyloxyacetyl-10-docetaxel represented by the following formula. 




16. Gluco6yloxyacetyl-10-baocatin III represented by the following formula. 




0^ 




17. A method of producing a taxoid derivative of Claim 4. 13 or 14. comprises protecting a hydroxyl group at the 2' posi- 
tion of a paclitaxel or docetaxel by chlorotriethylsilane followed by reacting said paclitaxel or docetaxel with 
tetrabenzyl acetyloxyglucoslde represented by the following formula followed by the removal of benzyl and triethyl- 
silyl groups. 




18. A method of producing a taxoid derivative of any one of Claims 5. 6, 10. 1 1 and 12. comprises reacting paclitaxel 
or docetaxel with tetrabenzyl acetyloxyglucoslde represented by the following formula followed by the removal of 
benzyl groups. 
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19. A method of producing a taxoid derivative of Claim 15, comprises protecting hydroxyl groups at the 2' and 7 posi- 
tions of docetaxel by triethylsilyl groups followed by reacting said docetaxel with tetrabenzyl acetyloxygluooside rep- 
resented by the following formula followed by the removal of benzyl and triethylsilyl groups. 




20. A method of producing a taxoid derivative of Claim 7, comprises protecting hydroxyl groups at the 2' and 7 positions 
of 10-deacetylpaclitaxel by a triethylsilyl group, reacting said 10-deacetylpaclitaxel with tetrabenzyl acetyloxygluco- 
slde represented by the following formula followed by the removal of benzyl and triethylsilyl groups. 



BnO-^'V"- \ 

BnO 0 



OH 



21 . A method of producing a taxoid derivative of Claim 1 6, comprises protecting hydroxyl groups at the 7 position of 1 0- 
deacetyl-baccatin III by a triethylsilyl group, reacting said 10-deacetylpaclitaxel with tetrabenzyl acetyloxygluooside 
represented by the following formula followed by the removal of benzyl and triethylsilyl groups. 




29 



EP0882 732A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apptleation Number 

EP 97 10 9052 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appropriate, 
ot relevant passages 



Relevant 

to claim 



CLASSIFICATION OF THE 
APPLlCATtON (lnt.CI.6) 



N. PALMA & F. KNAUSEDER: "Pleuromutilin 
related metabolites produced by submerged 
culture of the Basidiomycetous Genus 
Clitopilus kummer." 
EUR. CONGR. BIOTECHNOL., 
vol. 1, 1984, 

pages 533-542, XP002047840 

* figure 1 * 

WO 96 11683 A (HAUSER CHEMICAL RES INC) 

* the whole document * 

WO 94 18954 A (CLOVER CONS LTD ;GRINSTAFF 
MARK W (US); SOON SHIONG PATRICK (US);) 

* the whole document ♦ 

D. B. A. DE BONT ET AL: "Synthesis and 
biological activity of beta-glucuronyl 
carbamate-based prodrugs of paclltaxel as 
potential candidates for ADEPT." 
BIOORGANIC & MEDICINAL CHEMISTRY, 
vol. 5, no. 2, February 1997, GREAT 
BRITAIN, 

pages 405-414, XP002047866 

* the whole document * 

K. V. RAO: "Semi-synthesis of paclltaxel 
from naturally occurring glycosidic 
percursors. " 

JOURNAL OF HETEROCYCLIC CHEMISTRY., 
vol. 34, no. 2, March 1997, PROVO US. 
pages 675-680, XP002047867 

* the whole document * 



The present search report has been drawn up for all claims 



1-16 



C07H15/04 
C07H15/26 



1-16 



1-16 



1-16 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



C07H 



1-16 



Pbce of a 

THE HAGUE 



Date ot oompletton of the search 

24 November 1997 



Fxaminer 

Moreno, C 



CATEGORY OF CITED OOCUMENTS 

X : particularly relevant if taken atone 

Y : particularly relevant it combined writh another 

ckKument ot the same category 
A : technologtcal background 
O : non-written disclosure 
P : intemiediate document 



T : theory or prifKiple undertying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited in the appltcalion 
L : document cited for other reasons 

& : member ol the same patent family, corresponding 
document 



30 



